BACKGROUND: Acquiring 6-min walk test (6MWT) data from patients undergoing noninvasive mechanical ventilation due to chronic hypercapnic respiratory failure is limited. We aimed to assess whether the actual 6-min walk distance (6MWD) or the percent predicted 6MWD is a better reflection of the respiratory function of patients using home noninvasive ventilation (NIV) due to chronic hypercapnic respiratory failure. METHODS: This was a cross-sectional observational study. The 6MWT was performed in subjects using home NIV. Diagnoses were grouped as COPD, obesity hypoventilation syndrome (OHS), kyphoscoliosis, and parenchymal lung disease. Sex, age, and body mass index (BMI) were used to calculate ideal 6MWD. The correlation of percentof-predicted 6MWD with spirometry and arterial blood gas values were better than with the actual 6MWD. CONCLUSIONS: The percent-of-predicted 6MWD was better correlated with respiratory function than actual 6MWD for subjects using home NIV due to chronic hypercapnic respiratory failure with COPD, OHS, kyphoscoliosis, and parenchymal lung disease.
Introduction
The 6-min walk test (6MWT) is used for its simplicity and reproducibility, and is well tolerated when evaluating associated with various cardiopulmonary diseases. [3] [4] [5] [6] Actual 6MWD was also studied in chronic hypercapnic respiratory failure patients who were using home noninvasive ventilation (NIV). 7 Budweiser et al found a similar hazard ratio for mortality for the actual 6MWD and percent-of-predicted 6MWD in 424 patients with chronic hypercapnic respiratory failure using home NIV. 7 However, they did not study the relationship between pulmonary function and actual 6MWD versus percent-of-predicted 6MWD.
Various studies have been performed since 1998 to determine a standard measure of the 6MWT, taking into account age, sex, and body mass index (BMI) in healthy adult. [8] [9] [10] [11] The reference equations for 6MWT and lung function were used in stable patients in these studies. We have previously shown that by using reference equations (age, sex, and BMI), pulmonary functions in kyphoscoliosis patients with chronic hypercapnic respiratory failure and on home NIV are better correlated with percent-ofpredicted 6MWD than with actual 6MWD. 12 In current clinical practice the distance walked is the only crucial factor for physicians when making clinical judgments on patients with cardiopulmonary diseases. The actual 6MWD uses only the number of meters walked, but the walking distance is dependent on various factors such as age, sex, and BMI. In normal subjects there are a sufficient number of studies dealing with standardization of the 6MWT. The importance and relevance of the percentof-predicted 6MWD are unknown in cardiopulmonary diseases.
In the present study we used reference equations for 6MWT in a large series of chronic hypercapnic respiratory failure patients with home NIV, and assessed their value in reflecting pulmonary function. We endeavored to answer whether the observed walking distance or the percentage predicted value is a better reflection of respiratory function in patients using home NIV due to chronic hypercapnic respiratory failure.
Methods
The study was approved by the local ethical committee of our hospital; it was designed as a cross-sectional study in a large pulmonary disease-based, tertiary, training and research hospital in Istanbul, Turkey.
Inclusion Criteria
Patients treated with home NIV due to chronic hypercapnic respiratory failure, and who were regularly followed up at the respiratory intensive care out-patient clinic, were recruited consecutively into the study from June 2011 to December 2011. Additionally, a duration of nocturnal home NIV of Ն 3 months was required. Subjects were grouped according to a diagnosis of being in stable clinical condition with COPD, obesity hypoventilation syndrome (OHS), kyphoscoliosis, or parenchymal lung disease. The diagnosis of COPD was based on clinical history, symptoms, and airway obstruction (ie, FEV 1 /FVC Ͻ 70% of predicted after bronchodilator inhalation). 13 OHS was defined by a BMI Ͼ 30 kg/m 2 , daytime P aCO 2 Ն 45 mm Hg prior to NIV therapy, and clinical symptoms of chronic hypercapnic respiratory failure in the absence of other known causes of hypoventilation. 14 Parenchymal lung disease was defined as lung parenchyma defective due to tuberculosis sequelae or bronchiectasis, which caused hypoventilation and resulted in hypoxemia and hypercapnia.
Exclusion Criteria
Patients who were disabled or unwilling to walk were excluded. Patients with clinical signs of airway infection, current exacerbation, or unstable cardiac arrhythmia were also excluded.
Interventions
The 6MWD was determined based on the American Thoracic Society 1 guidelines, while the subjects had their usual oxygen flow. The test was performed in a 30-m long corridor by a physiotherapist with specific experience. The course was demarcated by 2 traffic cones, and the corridor was marked every 3 m, according to the American Thoracic Society standards. Instructions and verbal encouragement given to the subjects were standardized. Encouragement was given every minute during the test until subject exhaustion. The end of the test was determined either by the subject, for any reason, or by the physical therapist conducting the test. Chest pain, intolerable dyspnea, diz-
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Current knowledge
The 6-min walk distance (6MWD) reflects the patient's physical capacity, and is valued for its simplicity, reproducibility, and tolerability. 6MWD is used to evaluate functional status and the effects of therapies, and to predict the risk of death.
What this paper contributes to our knowledge
Using reference equations, the 6MWD and percent of predicted 6MWD are important for assessing cardiopulmonary function. Sex is an important bias factor for 6MWD. Percent of predicted 6MWD was better related to pulmonary function than was 6MWD. ziness leg cramps, diaphoresis, and pallor were additional criteria for immediately stopping the test. The Borg dyspnea scale 15 and fatigue score 16 were scored as described. Ideal 6MWT values were calculated according to formula, by using reference equations provided by Enright and Sherrill (see below). 8 The test results were recorded as absolute, percent-of-predicted, and lower limit of normal values, according to previous methods 8 :
Male ideal 6MWD ϭ 1,140 -(5.61 ϫBMI) -(6.94 ϫ age)
Female ideal 6MWD ϭ 1,017 -(6.24 ϫ BMI) -(5.83 ϫ age)
Percent-of-predicted 6MWD ϭ % of ideal 6MWD Male lower limit of normal ϭ ideal 6MWD -153 m Female lower limit of normal ϭ ideal 6MWD -139 m BMI was calculated and comorbidities were documented. For kyphoscoliosis subjects, height was calculated from arm span (largest distance across the middle fingers when the arms are stretched horizontally sideways). In males, arm span/1.03, and in women, arm span/1.01 was used for standing height in the regression equation. 17 
Protocol
On the day of the out-patient clinic visit, arterial blood gases (ABGs) (Rapidlab, Bayer, Leverkusen, Germany) were analyzed at rest from the radial artery. Samples were taken in the daytime during spontaneous breathing of room air, if possible, or otherwise during the subject's usual oxygen flow. Oxygenation was defined P aO 2 /F IO 2 . Spirometry (Zan GPI 3.00, nSpire Health, Longmont, Colorado) was performed according to American Thoracic Society guidelines. 18 
Statistical Analysis
For data description, continuous variables are shown as median and (IQR) or number and percentage, when appropriate. Spearman rank correlation test was used to correlate sex and disease group according to respiratory function for actual 6MWD, and sex-specific regression equations for 6MWD. Residuals were defined for actual 6MWD and percent-of-predicted 6MWD as actual 6MWD minus ideal 6MWD, and observed percent-of-predicted 6MWD minus 100%, respectively. Scatter plot graphs of the difference between the predicted and the actual 6MWD against the ideal 6MWD were drawn to investigate the residual distribution. This graph was necessary to assess whether the difference was uniformly distributed or varying over the range of prediction. This was based on the concept of assessing agreement between 2 methods of clinical measurement, which was designed by Bland-Altman. 19 Residuals were standardized by subtracting differences from the mean and dividing to the standard deviation. Standardized residuals were compared between sexes to assess the potential bias in the agreement between predicted and observed 6MWD (ie, if the difference between the predicted and observed values changed with this factor). Data were analyzed using a statistical software package (SPSS 15.0, SPSS, Chicago, Illinois), and results were considered statistically significant when P Ͻ .05.
Results
During the study period, 389 patients attended the outpatient clinic, 170 of whom were undergoing long-term NIV treatment. Of these 170 patients, 5 were disabled (arthropathy), 3 had arrhythmias (heart rate Ͼ 120 beats/ min), 9 were too obese to walk, 8 had severe dyspnea at the beginning of the 6MWT, and 1 refused to walk, and all these patients were excluded from the study. Ultimately, 144 subjects (91 male) were included in the study. Subjects were grouped according to their diagnoses, as follows: COPD 26.4% (n ϭ 38, 6 female), OHS 36.1% (n ϭ 52, 28 female), kyphoscoliosis 16% (n ϭ 23, 7 female), and parenchymal lung diseases 21.5% (n ϭ 31, 12 female). Subject demographics and characteristics, spirometry, and ABG values according to underlying diseases and sex are shown in Table 1 Table 2 summarizes the subject groups according to underlying chronic respiratory diseases and sex relative to their 6MWT results and Borg dyspnea 15 and fatigue scores. 16 The correlation of actual 6MWD and percent-of-predicted 6MWD between lung function tests (spirometry) and ABG values relative to the underlying chronic respiratory failure diseases (COPD, OHS, kyphoscoliosis, parenchymal lung disease) are shown in Table 3 . The sexspecific correlation of actual 6MWD and percent-of-predicted 6MWD between lung function tests (spirometry test) and ABG values are shown in Table 4 . In males the correlation coefficient of percent-of-predicted 6MWD was greater than actual 6MWD in nearly all pre-and post-test parameters of 6MWT, as well as ABG and spirometry results (see Table 4 ). In females the correlation coefficient of actual 6MWD was greater (and the correlations were better) than percent-of-predicted 6MWD in pre-and posttest parameters of 6MWT (see Table 4 ). However, percent-of-predicted 6MWD values were significantly better Table 4 ).
The Figure shows the difference between the predicted and the observed 6MWD drawn against the predicted value of 6MWD to investigate the residual distribution. The difference was uniformly distributed in percent-of-predicted 6MWD but varying in the actual 6MWD over the predicted ideal 6MWD. The Bland-Altman 19 analysis was used to assess agreement between the 2 methods (actual 6MWD or percent-of-predicted 6MWD) and this is summarized in the Figure. Residuals were compared between sexes to assess the potential bias in the congruity between the predicted and observed value of the 6MWD (ie, if the difference between the predicted and observed values were changed by these factors). These are summarized in Table 5 . The residual was significant in actual 6MWD but not in percent-ofpredicted 6MWD (P ϭ .002 and P ϭ .26, respectively).
Discussion
In the present study, reference equations for 6MWD were used in a large series of subjects with chronic hypercapnic respiratory failure and undergoing home NIV treatment. In subjects using home NIV due to chronic hypercapnic respiratory failure because of COPD, OHS, or restrictive lung disease (kyphoscoliosis and parenchymal lung diseases), the percent-of-predicted 6MWD was more reflective of respiratory function than actual 6MWD.
Reference values for 6MWD have been studied in various healthy populations, and it was noted that demographic and anthropometric measurements are the most important variables in calculating reference equations. 10, 11, [20] [21] [22] We suggested that these equations may be better correlated with the functional parameters of patients with chronic respiratory failure. We used the correlation coefficient and Bland-Altman analysis 19 to compare the actual 6MWD and the percent-of-predicted 6MWD and assess congruity between the 2 methods of clinical measurement. We found that percent-of-predicted 6MWD was a better method for assessing subjects' clinical status, with respect to sex. We found that the sex difference between predicted and actual values (residual difference) was not significant in percentof-predicted 6MWD, but significantly different in actual 6MWD.
According to Casanova and co-workers, age and sex are the most important variables when using 6MWD predictive equations in a large series of healthy subjects. The authors also showed geographical variations. 11 In another study from North Africa, age, sex, weight, and height were similarly found to be factors affecting actual 6MWD, as was the number of parity among the females. 10 In a further study, 6MWD for healthy Singaporean Chinese adults showed overestimated results when using equations derived from white subjects. 20 Budweiser and co-workers 7 studied the 6MWD in a population of subjects similar to those in our study. They used the same reference equations we did (the oldest and best known). 8 They mainly assessed long-term survival and suggested a disease-specific use of 6MWD to assess and monitor NIV-treated subjects with chronic hypercapnic respiratory failure. 7 They evaluated the 6MWD as a predictor of long-term survival for COPD (n ϭ 197), restrictive lung disease (n ϭ 112), and OHS (n ϭ 115). Their results may be relevant to COPD, but have limited value for restrictive lung diseases. In the OHS group, 6MWD was found to be higher than in the other groups and not predictive of mortality. The authors calculated the percent-of-predicted 6MWD, but they did not use them for analysis. 7 In the present study, although the majority of the subjects had mildly less hypercapnic and hypoxemic ABG values and worse spirometry results, especially in OHS, they were more or less similar to the patients presented in the Budweiser report. Our study had higher 6MWD and predicted values. 7 Age is an important determinant of 6MWD, and in many studies patients are included only when age is greater than 20 years or between 20 -50 or 40 -85 years. 9, 10, [23] [24] [25] In the present study the majority of subjects were in their sixth decade, and the range was 32-85 years. Besides age, BMI is also crucial for reference equations in 6MWD. In our study the majority of the OHS group were morbidly obese (BMI Ͼ 40 kg/m 2 ), and the subjects with kyphoscoliosis and parenchymal diseases were overweight or nearly obese, but the COPD group had a normal BMI range. These characteristics were similar to those of the Budweiser study. 7 Enright and Sherrill used all parameters for calculating reference values for 6MWD and cautioned using these with non-white patients and those younger than 40 or older than 80 years. 8 Previous studies have shown that predicted FEV 1 is highly correlated with 6MWD in patients with COPD, especially when FEV 1 is Ͻ 35%. 26, 27 However, these studies did not look at the relationship between percent-ofpredicted 6MWD values and spirometry results. In the present study the correlation of percent-of-predicted FEV 1 was found to be significantly greater for percent-of-predicted 6MWD than actual 6MWD. We also showed that nearly all spirometry values in these OHS subjects using home NIV were significantly correlated with percent-ofpredicted 6MWD, compared with actual 6MWD. These findings indicate how important the percent-of-predicted 6MWD is for reflecting pulmonary function in obese subjects. Recently, Castro and co-workers evaluated the effect of hemodynamic status after 6 months of home NIV by 6MWD, spirometry, and echocardiography in OHS patients. 28 They did not, however, assess the percent-of-predicted 6MWD in their statistical analysis.
There are some limitations in our study. The reference equations are designed for healthy subjects, 40 -80 years of age and with a BMI Ͻ 35 kg/m 2 . We applied these references to the subjects whose ages ranged between 32-85 years, and with a maximum BMI of 44 kg/m 2 . We did not measure carbon monoxide lung diffusion capacity and lung volumes (total lung capacities or residual capacity). Also, although our data show predicted values in larger subjects with chronic respiratory failure undergoing home NIV treatment, our results cannot be applied to all disease groups.
Conclusions
In conclusion, by using reference equations, both actual and percent-of-predicted 6MWD are important for the assessment of cardiopulmonary functions. Sex is an important bias factor for the 6MWD when assessing functional status. The percent-of-predicted 6MWD appears to be better related to pulmonary function than the actual 6MWD alone.
